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in  the Chair. 

30. 1,332.-“ The  Pennsylvania Railroad ; with  remarks on Ame- 
rican  Railway Construction and Management.”’ By CHARLES 
DOUGLAS Fox and FRANCIS Fox, MM. Inst. C.E. 

‘THE main  line of the  Pennsylvania railroad, of which  alone a 
’detailed description is  given  in  this communication, extends from 
Philadelphia to Pittsburgh, a  distance of 355 miles ; of this distance 
a length of nearly 354 miles is double line. I n  direct connection 
with  the  main line, and worked with  it,  are 82 miles of single 
branch  lines  and 230 miles of sidings. The  trunk  line  traverses 
a densely  populated country,  and  brings  Philadelphia  (and  through 
its connections also the  city of New York)  and  the  eastern sea- 
board into  direct communication with  the  richest  parts of the 
state of Pennsylvania,  the immense coalfields of Pittsburgh  and 
the vicinity,  and  the  Western system of railroads. The  Penn- 
sylvania Railroad Company has, however, extended the boundaries 
of its system, until it now  controls, either  by leases, working 
agreements, or otherwise, an additional  length of 5,088 miles of 
railroad (chiefly single lines), and 408 miles of canal, giving two 
independent  through routes to each of the  cities of Cincinnati, 
Chicago, and St. Louis, and  placing  the company in a very 
advantageous position in  most parts of the West. 

The following statistics  are  taken,  partly from a most exhaustive 
report,2 issued in  the  present  year  by  an ‘L Investigating Corn- 
mittee’’ of the shareholders, acting  in concurrence with  the 
directors, and  partly from special reports  kindly prepared for  the 
Authors  by  the officers  of the company. 

The  capital account of this  great system of 5,933 miles of rail- 
road  and canal, up  to  the  end of 1873, shows an expenditure of 

The discussion upon this  Paper extended over portions of three evenings, 

* Vide “ Report of the Investigating Committee of the Pennsylvania Railroad 
but an abstract of the whole is given consecutively. 

Company.”  8vo. Philadelphia, 1874. 
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$73,015,740, or S12,300 per mile, and  the  results of the  working 
for  that  year, were as follows :- 

per week. 
Per mile 

d. 
Receipts. . . . 15,223,067 = 49 7 0 

d, S. d. 

Expenses . . . 10,552,412 = 34 4 0 = 69: per cent. of the receipts. 
Net earnings . . 4,669,004 = 15  2 8 = 6.4 per cent. per annum 

- 

on the  whole  capital,  including  bonded debt. 

The  capital account of the  main  line,  with its branches, repre- 
senting a  t.otal length of 791 miles of single line, exclusive of 
sidings, shows  a total  expenditure of %8,901,830, or %11,250 per 
mile of single  line,  thus  approximately divided, viz. : - 

Land for railroad and  stations, per mile . . . . . . . . 2,500 
General works,  permanent way,  and stations, per nlile . . . 5,250 
Locomotives  and  rolling  stock, per mile . . . . . . . . 3,500 

d. 

I n  order,  however, to  arrive  at a fair  estimate of the  total cost, 
it is necessary to  take  into account the fact that  the company, 
pursuing in this respect an unusual,  but,  as  the  Authors  submit, 
a very wise course, long since closed the  capital account for the 
main  line,  and  that, exclusive of ordinary maintenance and repairs, 
there  has been expended, out of revenue, during  the  years 1855 to 
1873 inclusive,  upon permanent improvements and  works of con- 
struction,  including  the  substitution of iron for wood in  bridges, 
.and of steel for iron  rails, no less  a sum than 55,310,227, or 
56,713 per mile, bringing  the cost up  to 517,963 per mile of single 
line. If, in  the absence of separate account.s, there be  deducted 
for  the branches, 82 miles a t   the  average cost of American rail- 
roads, viz., $9,820 per mile, the cost of the  main  line  will be found 
to  he  about S37,827 per mile of double  line. 

The company originally purchased land a$ eachof the chief centres, 
much in  excess of the  then  immediate  requirements of the line, 
and  the wisdom of this course is manifest, not  only from the  great 
facilities thus afforded for the  vast traffic which  has  grown up, 
but from the  fact  that  this  land,  which  originally cost 51,184,169, 
is now worth,  at a low  valuation,  and  after  excluding  that, occu- 
pied by  the  railroad  itself,  the mm of 53,401,937, or  very  nearly 
three  times  its cost. 

Table I. in  the Appendix gives  the  results of the  working of the 
main  line  and branches  for a period of thirteen years. The  net 
earnings  have been, on the  average, a little over 12 per cent. on 
the capital. From 1853 to 1873 the company have  paid an 
average  dividend of 9 9 per cent., and a total  amount  in dividends 
equal  to 234 per cent. upon the  entire  capital cost. 
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The following are  the receipts and expenses for the year 1873, 
compared with those  for the same year on the  railways of the 
United Kingdom :- 

Pennsylvania Unifed 
rai1ro:td. Kingdom. 

Gross receipts per train mile . . . . . . . .  
Expenditure per train mile  thus  divided,  viz. : 

Maintenance of works m d  permanent way . . .  
Locomotive pomer . . . . . . . . . .  
Carriages and wagons . . . . . . . . .  
Traffic charges . . . . . . . . . . .  
Rfiscellaneous . . . . . . . . . . .  

= 62 per cent. of gross receipts . . .  
= 53 per cent. of gross receipts . . . . . . .  

S. d .  

5 64 
S. d. 
5 10 - 
0 7: 
0 11 
0 3  
0 10) 
0 6  

3 14 

A comparison of the  results  in 1872 would be more favourable 
to  English railamys, the proportions of expenses and gross  receipts 
in  that  year  having been- 

Per cent. 
On  the  Pennsylvania railroad . . . . . . . . . . .  63 
On the railways of the  United Kingdon1 . . . . . . . .  49 

An  analysis of the traffic on the  main  line  in 1073 gives  the 
following results :- 

Receipts per passenger per mile l . l  
(Z. 

Expenses ,, . . . . . . . . . .  
Net earnings ,, 

.9 

Receipts for goods per ton per mile G 
.2  

Expenses ,, ,, . . . . . . . . . . .  $33 
Net earnings ,, ,, . . . . . . . . . . .  -25 

Table 11. in  the Appendix  gives particulars of the work done by 
the locomotives on this  line over a series of years. 

Table 111. is a statement of the locomotives and  rolling stock 
belonging  to  the company over  a  series of years. 

Table IV. in  the Appendix gives a comparative statement of 
the locomotives and  rolling stock of the  United  States,  the  United 
Kingdom, and  India  in 1873. 

The  earthworks of the  main  line  are  heavy  in  many  parts;  and 
t,he  inclines carrying  the  railroad over the  Allegheny Mountains, 
although  the  gradients  are moderate in comparisou with those on 
other passes, are amongst the most important in America. Starting 
in Philadelphia from almost the sea level, the  line  rapidly rises, 
in the first 8 miles, to a height of 350 feet. This elevation is 
gradually increased to 1,170 feet a t  Altoona, 237 miles  from 
Philadelphia,  where  the  mountain  incline commences ; and between 

. . . . . . . . . .  
7, 

. . . . . . . . . .  
. . . . . . . . . .  
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Altoona and  the  summit  at  Gallitzin, 249 miles from Phila- 
,dclphia, which is 2,154 feet above the sea, there is a total rise of 
984 feet  in 12 miles, the  average  gradient being l in .  82, the 
maximum 1 in 55. From  the  summit  the  line  rapidly falls to 
1,170 feet above the sea in 25 miles, and thence descends to 
Pittsburgh, 720 feet above the sea, a t  355 miles from Philadelphia. 

The  sharpest  curve (except on the  Philadelphia division) has 
a radius of  716 feet, and  out of  250 miles of line 10 miles are 
on  curves of a  less radius  than 1,000 feet. Between Philadelphia 
and  Harrisburgh  the  line was laid  out  originally  with  sharper 
curves;  but  extensive  deviation  works  have now been completed 
throughout  this section, involving almost an  entirely  new railroad. 

Jn the  Appendix  (Tables V. and VI.) details  are  given of the 
curves  and  gradients. 

The  gauge of the  line is 4 feet 9 inches, and  the  width  at 
formation level,  on embankment, is 24 feet 3 inches, made up  as 
follows :- ft. ins. 

Between rails . . . , . . . . . . . 7 0 
Two lines of rails, 4feet 9 inches  each . . . . 9 6 
Sleepers, 1 foot 104 inches  outside rail . . . . 3 9 
Ballast, 1 foot outside slecper . . . . . . . 2 0 
Formation  outside  ballast . . . . . . . . 2 0 

24 3 
- 

I n  cnttings  in  ordinary soil the  width is 32 feet, and  in rock 
28 feet,  thus  giving  ample  width  for  drainage.  The  usual slopes 
in  cuttings  are,  to 1 in rock, 1 to 1 in  ordinary soil, and  in 
embankments  to 1. , 

As is general in  America, there  are few  over-bridges,  almost 
all the  public roads being  carried across the  line on the level. 
Gates  are seldom erected, the  line  being protected by a simple 
guard,  and  by notice  boards in  conspicuous positions across the 
carriage road. This  plan, combined with a large bell  on the 
locomotive, which  warns  the public, but does not  frighten horses, 
answers well,  even where  there is considerable traffic on both 
road and railroad. It is economical in  first cost, and also  saves 
the  salary of a gateman  at each crossing in  perpetuity. I n  
some of the  latest locomotives, the  bell is moved by a rod from the 
eccentric  strap,  and is kept continualIy ringing.  There are, how- 
ever, numerous bridges for carrying  the railroad  over streams. 
In  the Appendix (Table VII.) a statement is given of the  principal 
bridges on the  main  line, of an  aggregate  length of about 3 miles. 
The  abutments  and  piers  are  generally of substantial masonry, 

[1874-75. N.s.] F 
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either rough-dressed ashlar,  or coursed rubble. The  timber  struc- 
tures, erected in  the first  instance, are  being replaced by  stone 
and  iron. As a rule,  the  bridges  have  the  railroad  on  the  top,  and 
are composed of three  main  trusses of the  lattice form of con- 
struction.  The Coatesville bridge, of six  spans of 125 feet each, 
has  lattice  girders  with  vertical  struts of cast iron, diagonal  braces 
of bars, and a lower  chord of rolled links connected with  the  struts 
and  ties  by bolts, which  extend  the whole width of the bridge. 
These, with  an elaborate  system of longitudinal,  vertical,  and 
diagonal cross bracing, stiffen the  structure  in  every direction. 
The cross girders,  which  are of timber,  rest upon the  upper 
members of the  girders,  there being one over each strut,  and two, 
intermediates  to each bay, thus  bringing cross strains upon the 
upper members between the verticals. In   the  Mount  Union 
bridge, of five spans of 121 feet 6 inches each, the  trusses  are con- 
structed upon the stiffened triangular system (Plate 4). The  truss 
is divided into bays of equal  length  and  depth, viz., about 15 feet, 
with  vertical  struts of wrought iron, stiffened with distance pieces 
and cross bra,cing. The  top member is composed of two  external 
channel, irons  and  two  bulb  irons  inside, connected at  the  top  by 
plates. The bottom chord consists of rolled links,  and  the chief 
connections are effected by pins. The  diagonals  are each formed 
of two wrought-iron bars, stiffened by distance pieces and bracing. 
To support  the upper member and convey the  strains more directly 
to  the  abutment, a short  strut, composed of two  channel irons 
with  distance pieces, is inserted in  the middle of each bay. This 
strut connect,s the diagonal with  the  top flange, the point of junc- 
tion of the  strut  with  the  diagonal  being  again  tied  to  the adjoin- 
ing  vertical  in  the direction of the middle of the bridge. This 
plan  appears advantageous, when,  as  in  this case, the cross girders 
are  intermediate between the  main  points of support,  the wooden 
beams forming  the cross girders  having  their  centres  only  about 
2 feet  apart,  and seven of them  thus  being  intermediate  in each 
bay. The  bridge over the  Susquehanna  river, of twenty-three 
spans of 154 feet, and a total  length of 3,680 feet, is for a single 
line, and is the  only  bridge on the  main  line  with a wooden 
superstructure,  the  trusses  being on the  “Howe”  system wit11 
arches, but  not  calling for special remark.’ 

There  are  eight  tunnels of the  aggregate  length of 2,646 yards, 
the  longest  being 1,204  yards. 

Vide “American Timber Bridges,” by J. R. Mosse, M. Inst. C.E., and 
“American Iron Bridges,” by Zerah Colburn. Minutes of Proceedings Inst. 
C.E., vol. xxii., pp. 305 and 540. 
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The  permanent  way  or  track on the  main  line is of unusual 
strength for an American railroad.  The  standard section of rail 
(Plate 4) now used weighs 67 Ibs. per  yard,  and is of steel, 
4$ inches high  with a base only 4 inches wide, which appears  very 
narrow for a rail of this  weight.  The fishplates or splices are 
24 inches long, 2 g  inches deep, and 4 inch  thick, fastened with 
four bolts 3 inch  diameter. The sleepers or cross-ties are of white 
oak 84 feet  long, and 8 inches by 8 inches in section, and  are 
spaced 48 to every 100 feet, or 2,534 to  the mile. There is no 
joint sleeper, the  rails being laid  to break  joint,, and  the  joints 
suspended. The  rails  are secured to  the sleepers by dog-spikes, but 
these  do not dray  easily from the  hard wood sleepers. Fang 
bolts are  not used, being exceedingly inconvenient, for  when the 
road bed is frozen no ordinary  packing can  be done, and  the 
rails  have  to  be  kept  in  line  and level by ‘ shimming,’ or packing 
with pieces of hard mood between the rail and  the sleeper. 

Upon the  branch  lines  the  rails  vary  in  weight, according to 
traffic, from 64 Ibs. and 67 lbs.  for iron,  to 56 lbs. and 65 Ibs. for 
steel. Here also  a wooden block is often substituted for the fish- 
plate on the outside. 

The  line,  contrary  to  general American  usage, is well  ballasted, 
i n  a great measure with rock. The  quant,ity of ballast  per  mile 
of double line averages 5,200 cubic yards.  The  number of men 
employed in  keeping the  permanent  way  in  repair averages two 
per mile of double track. 

No general  system of signals is used, and even indicator  signals 
are uncommon. The old form of sliding  rail is almost universally 
adopted in lieu of the  switch, being less liable  to be blocked by 
snow or ice. The traffic is regulated  by  telegraph,  extensire 
sidings  being provided  for shunting purposes. 

The  stations  are chiefly of timber, of simple and economical con- 
struction.  The platforms are  rarely raised, the surface of the 
ground being planked in  the  better class of stations. At Altoona 
and  Philadelphia  there  are  extensive shops for locomotive and 
carriage repairs, the  carriage shops being  very complete. 

The  different classes of locomotives are designated by  the first 
Seven letters of the  alphabet (Appendix, Table VIII.) ; but  there 
are  in  reality only three well-marked types, viz. : The  eight 
wheel, the  ten wheel, and  the ‘ shifter ’ or  shunting engine. The 
leading dimensions of the several types  are  given  in  the Appendix, 
and  are shown in  Plates 5 and 6. Only  a short description of 
their special ases  and some details  will therefore  be necessary. 
The U A ” engine is the  leading passenger locomotive over the 

F 2  
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middle and  Philadelphia sections of the  line,  and  exists  in  three 
varieties,  only slightly  differing.  The “ B  ” engine, a small class, 
is used as a ‘ pilot ’ on the  mountain incline. The “ C ” engine 
is almost identical  with  the B,” and is the most efficient passenger 
locomotive. One of these engines,  assisted by a “ B ” engine,  has 
regularly  taken a train of seven passenger  cars, of a total  weight 
of 165  tons, in  twenty-four  minutes from Altoona to  the  top of the 
mountain.  Whilst ascending the  mountain  with a train of nine 
cars, weighing 215 tons, one of these engines  has evaporated 2,400 
gallons of water  in less than  an hour. One of the “ E ” engines, 
which  are chiefly used on  the  mountain,  has  taken a gross load of 
223 tons (exclusive of engine  and  tender) up the  mountain  in 
thirty-five minutes. The “ P ” engine is for shunting purposes, 
and is called a ‘ shifter.’ The “ G ”  engine  is for ballasting  and 
branch traffic. 

The  greatest importance is attached  to  interchangeability of 
parts. An idea may  be formed of the  uniformity  existing  amongst 
the  several  types from the  fact,  that  whilst 112 patterns  are required 
for one engine, only 187 are  required  to  include  all  the seven 
classes, exclusive of the  tender,  which  is  alike for all. 

The locomotives have  leading  trucks of the  variety  known as the 
‘swing centre,’ in  which  the socket for the  centre  pin  or pivot of 
the engine, instead of being  rigid,  as  in  the old-fashioned American 
truck, is suspended on links, combined with a double system of 
springs,  and  is  thus capable of lateral motion, allowing the  centre 
line of the engine, when passing  round  a  curve, to  lie outside the 
centre of the  truck.  With  the  aid of this contrivance, t,he engines 
pass round a curve of %@feet radius  without serious strain  either 
to themselves or  to  the  permanent way. The  lateral motion also 
reduces the  severity of the concussion between the  leading flanges 
and  the  guard-rails  and crossings. 

The  trucks  have chilled  cast-iron wheels. Steel wheels have been 
tried,  but it was found that  they would not bear the severe work 
of guiding  the locomotive over the sinuosities of  6he line. Solid 
cast wheels, with  the  running surface chilled, are  the safest, 
especially in cold weather, a truck wheel of this  kind  rarely break- 
ing,  and one such wheel outliving  at  least  three steel wheels. 
Again,  the flanges of chilled wheels are soon made smooth and  highly 
polished by wear ; whilst  the flanges of steel  wheels become rough 
and  torn,  and  in a short  time too thin  and  sharp for safety.  Chilled 
cast-iron wheels are also almost  exclusively used for the  rolling 
stock, steel  tires  having been tried for the passenger cars, but 
having  quickly become dangerous from rapid wear. The  weight 
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of a  cast-iron  wheel for a passenger car is usually 525 lbs.; i t  
costs about S4 sterling,  and  has  an  average life of a t  least 100,000 
miles, except when reduced by  the  constant use of the breaks. The 
metal is charcoal iron,  having a  tensile strength sometimes reach- 
ing 18 tons per square  inch,  and  averaging  nearly 14 tons. The 
driving wheels are of cast iron,  with hollow spokes, usually coun- 
terbalanced with lead. They  are  fitted  with  steel  tires, except for 
shunting engines, where chilled tires  are more durable, having  to 
perform the  duty of guiding  as well as driving.  Steel  tires  are 
held in high  estimation for driving wheels, and  the desire to use 
them wherever possible has exercised a controlling influence over 
the designs of the engines. As  an  engine could not be  guided, 
as before stated,  by  steel flanges, the  driving wheels have been 
placed far  enough back from the cylinders to allow the whole 
duty of leading  to be performed by  the  truck. Efforts have 
been made to  render  the  weight of the  forward  part of the  engines 
available for tractive purposes, by  throwing  the  driving wheels 
farther  forward;  but  these failed, for the reasons already  given, 
unless chilled tires were used, which are themselves a source of 
trouble,  and  are avoided except for shunting engines. Although 
they do not break, they become flat  and loose. 

The boilers (Plate 6) are of soft  crucible  steel, the shell of the 
larger ones being  inch,  and of the  rest  inch thick. The fire-box 
is also generally of steel, 4 inch  thick,  with  the exception of the  tube- 
plate,  which  is :' inch  thick. Sometimes, however, the tube-plate is 
made of copper 4 inch  thick.  The  tubes  are  invariably of iron, 
No. 11 gauge.  A  sample of every  plate of steel used in  the con- 
struction of a  boiler is tested by  being heated to redness, and  then 
plunged  into cold water ; after  which  the same piece, while cold, 
is bent double and hammered flat. The  tensile  strength of some 
of the steel, which  is made at  Pittsburgh, is 90,000 Ibs. per  square 
inch.  The  majority of the boilers have a combustion chamber from 
4 inches to 6 inches long, so as  to avoid  exposing the  thick  metal 
of the tube-sheet to  the  direct action of the fire. The whole strain 
on the top of the fire-box is borne by  the crown bars, and is thence 
transmitted  through  the sides to  the bottom ring.  This practice, 
adopted several  years ago, is considered safer  for steel,  but  not for 
copper fire-boxes, than  the old  custom of connecting the crown of 
the fire-box by braces with  the roof of the boiler, Dlany explosions 
are  due  to  these braces, but  their omission has  not led to a single 
explosion. The  furnaces  are  supplied  with  water  grates, consist- 
ing of pipes 1% inch outside diameter, placed 323 inches apart  fron 
centre  to centre. The  grates  have been in use for  a long time, 
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and  outlast  the furnace, if  kept free from mud. As they  are  very 
open, it is  rarely necessary to stir the fire. The deflector is com- 
posed of large fire-bricks resting on the  water-pipes  and  extending 
from the  throat-sheet  to  the crown. The feedwater is supplied by 
one injector  and one pump. In  addition  to  the  tires  and boilers, 
crucible steel is employed in  the locomotives for such parts  as 
guides, crank pins,  connecting rods, and axles. 

As is  usual  throughout America, the locomotives are provided 
with massive cabs having double roofs and  luxurious seats. The 
clriver almost always  sits  to  his work, and  the  regulator  and 
reversing gear are  arranged accordingly. To  prevent unneccs- 
sary exposure of the men to  the  weather, most of the  lubrication 
is done from the foot-plate. Plain hose couplings  between engine 
and  tender  are found less liable  to.  get  out of order in  frosty 
weather  than  the ball-and-socket joint;  and where the  watcr- 
pipes  are exposed there is a contrivance for blowing  a jet of steam 
into  them. Communication is effected between the  driver  and  the 
conductor and passengers by a cord running  inside  the  cars  along 
the roof within easy  reach, and connected wit,h a gong  under  the 
cab or with  the whistle. The head  lamps are of large size, with 
powerful reflectors, so as  to  illumine  the  track for  a considerable 
distance in  front of the  train,  and,  in combination with  the bell 
and  whistle,  to  frighten  straying  cattle off the line. 

The passenger  cars, including sleeping cars, compartment, vesti- 
bule, parlour, drawing-room, and “ silver-palace ” cars, “all of which 
are  the  result of a pressing necessity for the  invention of new 
superlatives of excellence, many of the  public  being too nice to 
travel  simply first class,” resemble those  on the  best railroads of 
the  States, of which descriptions have been already  given  to  the 
1nstitution.l  The  weight of an  ordinary  car  is 17 tons, and,  as 
it will accommodate fifty-two  passengers, there is a dead weight 
of 64 cwt. to each passenger. The  weight of an old-fashioned 
sleeping car is 20 tons, of a “ Pullman palace car l’ 26 tons ; and, 
although each is provided with  twenty-four double berths, and 
could thcrefore carry  forty-eight persons, in practice it is of rarc 
occurreuce for a berth  to be occupied by more than one person ; 
thus  reducing  the passengers to twenty-four, and  giving a dead 
weight,  in one case of 17  cwt., and  in  the  other of 218cwt.  to each 
passenger. The mileage of these  special cars is about 120,000 
cach per  annum. ?’he Pullman  Palace Car Company run on this 
railroad alone one  hundred  and  seventy cars, costing on the 

1 Vide Minutcs of Proceedings Inst. C.E., vol. xxviii., p. 360. 
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average $3,000 each,  or  a  total of &510,000, and upon their  capital 
the  Pullman Company earn  about 12 per  cent. It is  much  debated 
amongst  practical men in  the  States  whether  the  incidental  gain  to 
the companies  from the use of these  unwieldy,  though comfortable, 
vehicles  compensates  for the cost of haulage of such an excessive 
amount of dead  weight,  and  for the increased  cost of maintenance 
.of the permanent  way.  The  Investigating  Committee, in  their 
report,  stated, on the one hand,  that  these  cars  were  “most  valu- 
able,  and even  indispensable in the present  state of public  feeling 
in America,” but, on the  other  hand,  that  they  were  very  heavy 
and  track-destroying  they  also considered that  the railroad com- 
pany  did  not  receive  enough for the  running of the cars, getting 
as it did  only the  ordinary fares, and the Pullman  Company 
receiving  all  the  advantage of the additional sums charged. Part 
of the stock  accompanying  passenger trains consists of cars for 
parcels  and  light  freight  run  by  the  Express companies, who have 
the monopoly of such traffic on many of the lines,  and of the com- 
bined  mail  and  baggage  wagons,  which  are  about 30 feet  long. 
The passenger  stock is all  fitted  with bogie trucks  admitting of 
lateral  play.  The  ordinary passenger  cars  have  two pairs of chilled 
wheels on each bogie, and  the  weight of the  truck is 6,400 Ibs. 
The  sleeping ” and ‘L palace ” cars  have  six  wheels  to  each bogie, 
and the weight of the  truck  is 9,600 Ibs. 

The  axles  are of soft  crucible  steel,  and  are  required to  stand the 
following  test, viz. :-Out  of every  lot of fifty  axles one is taken a t  
random,  and placed on bearings 3 feet apart. It is  then exposed to 
blows in  the centre  from  a  weight of 1,640 lbs.,  falling 25 feet; 
and,  to be accepted, the sample  axle  must  bear five blows without 
breaking. To show their  quality, on the  15th of  Kovemloer, 1867, 
a n  axle was only  broken  after  fourteen blows, of which  three were 
from a  height of 35 feet, one from 36 feet,  two from 38 feet,  seven 
from 39 feet,  and the  last from 40 feet, the  axle  being  turned over a t  
each blow. The axles  are of English make,  rough-turned, of 4 inches 
diameter in  the middle,  increasing  to 4% inches in  the wheel. The 
journals  are 3; inches  by 7 inches. In  an ordinary  passenger car 
each  journal  has  to  carry 4,000 lbs. of dead weight,  and  a  maximum 
of 1,000 Ibs. of live  load,  whilst  the  total load on each journal of 
n palace  car is about 600 Ibs. less. 

The  cars  are  lighted  by  ordinary coal gas, compressed to  about 
300 Ibs. per square  inch,  in  tanks  under  the body of the car. 
Enough  gas is  carried  to  supply one burner  consuming 3 cubic feet, 
,and  four  burners  consuming 6 cubic  feet  per  hour  during  twelve 
hours.  Heat is supplied by a  stove at  each  end, burning  an- 
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thracite coal, and so arranged  that a current of air is forced into 
the stove by  the motion of the  train. After being warmed, the  air 
is distributed  by passages under  the seats. 

The Westinghouse pneumatic continuous break, now  being intro- 
duced into  English  rolling stock, has been in  general use on this 
railroad for several years. It gives the  engine-driver  unfailing 
control of the  train,  and enables him  in  an emergency, by  turning 
a small handle, to  put  the breaks on every wheel, including  in some 
cases those of the locomotive, commencing a t  the  rear of the  train. 
He is thus  able  to  stop a  passenger train  when  travelling at. a 
speed of 30 miles an  hour down an incline of 1 in 60, in a distance 
of less than 500 feet. The  details of this break are now generally 
known, but  the following description  may  be of interest :-A 
double-acting steam  cylinder,  with double-acting air  pump atta.ched, 
is placed in  a vertical position between the  driving wheels of the 
locomotive, and fastened to  the frame with  the  cylinder  and  barrel 
in  the same axial  line.  The action is direct,  the steam and  air 
pistons being fixed to  the same rod. The  air, when compressed, 
is stored in a  reservoir  constructed of boiler plate  beneath  the foot 
plate, a gauge  being placed within  view of the  driver  to  indicate 
the pressure. To the underframe of each car  an  ordinary cylinder, 
fitted  with a  piston and a  piston  rod, is connected by  an  adjustable 
slotted head with  the break lever  in such a way  that,  when com- 
pressed air is admitted  into  the  cylinder,  the  breaks  are  put on. 
From a  point near  the opposite end of the  cylinder a  pipe  makes a 
T connection with  an  air pipe extending  the whole length of the car. 
This has, at,each end,  a flexible coupling to connect the pipes from 
the  cars  with a similar  pipe from the reservoir. By means of a 
three-way cock, the engineman can turn  air  into  the cylinders and 
thus  put on the  break;  or  he can open communication with  the 
outer  air,  relieve  the pressure, and thus take off the breaks,  which 
are  then  kept clear of the wheels by  springs.  The flexible couplings 
can  be rapidly connected or disconnected; they  are fitted with  two 
valves, the spindles of which are  long  enough  to unseat or open 
the opposite valve  when  the  coupling is made. These  valves are so 
arranged  that  the pressure of the  air  will  at once  close them should 
the  coupling be broken. The break is therefore  a safety one, to  the 
extent  that, if the  pressure is once put on by  the  driver,  the  breaks 
will  remain on should the  hain be entirely disconnected. It 
has  lately been improved by  the  addition of a reservoir of pressure 
under each  car, which is automatically  brought  into action in case 
the  cars  are  accidentally detached. It also works  well in all 
temperatures,  and is not  liable  to  get  out of order. It is applied 
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almost instantaneously  to  all  the vehicles, and,  whilst  the  driver 
can, by a  simple movement, apply  its  utmost power, he can nercr 
use such force as to  injure  anything, or even to  skid  the wheels. 

The goods wagons or  freight cars are of five kinds  (Plate 7). 
1. The ' drop-bottom coal car ' is used for coal, ore, and  other 

kindred substances, and discharges its contents without shovelling. 
The  cars  are 22 feet long  by 8 feet wide;  their  weight, when 
empty, is 16,000 lbs., and each  can carry from 20,000 to 24,000 lbs. 

2. The ' drop-bottom gondola car ' conveys miscellaneous freight,, 
chiefly coals and  timber. It is 30 feet long, by 8 feet wide, 
weighs from 18,000 to 19,000 lbs., and is capable of carrying a 
load of from 20,000 to 24,000 Ibs. 

3. The ' gondola'  is  similar  to  the  last-named car, with  the 
exception of having no trap doors. I ts  weight  is about 17,000 lbs., 
and its load from 20,000 to 24,000 lbs. 
4. The ' stock ' or ' cattle ' car is 30 feet  long, by 9 feet wide, 

weighs about 19,000 Ibs., and can carry 16,000 lbs. loaded with 
horses; 14,000 lbs. to 18,000 lbs,  if with  cattle; 12,000 lbs. if  with 
pigs ; and 9,000 lbs. if with sheep. When  fitted  with double decks 
these  cars  will  carry 18 ,GOO lbs. loaded with pigs, and 14,000 lbs. 
with sheep. Such cars  are also largely used fur rough  freight of 
various  kinds,  as coal, oil, pig-iron,  lumber,  staves, bark, &c. 

5. The ' box ' car, 30 feet long  and 8 feet wide inside, is used 
for general merchandise, grain (mostly in  bulk), flour, &C. The 
weight of the  empty  car is 20,000 lbs., and it will  carry, of general 
merchandise, about 16,000 lbs. ; of grain from 20,000 to 24,000  Ibs. ; 
ancl  of flour 100 barrels, weighing 21,600 lbs. 

The  freight  cars  are  strongly framed, and  are  carried on two 
trucks ; each truck  has  four chilled wheels, and weighs 4,625 lbs. 

A large  portion of the goods traffic is carried on by  the  Empire 
Transportation Company, which  owns four  thousand five hundred 
cars, and  altogether provides rolling stock and  cars for 5,300 miles 
of railway. In  the oil  regions the  Empire Company has also con- 
structed 400 miles of pipes to collect the oil  in large  tanks.  This 
petroleum is  largely  carried  in  bulk,  in  cylindrical  wrought-iron 
tanks mounted on bogie trucks. Serious fires frequently occur 
from the  transport of so inflammable  a  material. 

It is a curious fact that,  whilst  the  drivers  are so well  cared 
for, the  breaks of the goods trains  are  usually applied from the  top 
of the wagons, and  the breaksmen ride outside and  run over the 
top of the  train  when  at work. 

The whole of the  rolling stock is provided with combined 
central buffers and  drawbars,  and  the  trains'  generally  are loosely 
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colq>led and  without  safety chains. On some passenger cars in  the 
States,  though  not  on  this  railroad,  an improved  platform and 
coupling,  known as Miller’s patent,  has been introduced. The 
platforms are  trussed  to  prevent  vertical  buckling  in collisions, 
and  the coupling, which is self-acting,  holds the  cars firmly to- 
gether  at a uniform level ; thus  in  great measure  doing away  with 
the loose coupling, and lessening the tendency,  often developed in  
American rolling stock, and  usually caused by  the  breaking off of 
one of the platforms, to  raise the  end of one car  and force it into 
the body of the  next car. 

Water  troughs,  similar  to those on the London and  North- 
Western railway,  are  laid down on this  railroad,  to  supply t,he 
locomotives when running  at speed. By  their use express trains 
.are  enabled to  run  regularly, a distance of 732 miles, without 
stopping,  in  three  hours  and  thirty-seven  minutes,  or  at  an  average 
speed of over 36 miles an  hour ; and  the whole distance from Pitts- 
burgh  to  Philadelphia, 355 miles, in  ten  and a half hours, or  at 
a n  average speed, including stoppages, of 332 miles  per hour. 

The  heavy passenger and goods traffic is worked with  great 
regularity.  System  and discipline  pervade every  department,  and 
no necessary expense is spared to  maintain  both works and  rolling 
stock  in  thorough efficiency. 

Having  thus described in some detail one of the  best examples of 
railroad construction and of working in the  United  States,  the 
Authors would desire to  add a few facts as regards American 
railroads  generally,  to  supplement  the  valuable information already 
laid before the  Institution,’  and  that contained in  the  report of 
Capt.  Douglas Galton  to  the Board of Trade.z 

Leaving  out of consideration some unimportant  tramways 
opcned  between 1826 and 1831, and worked by horse power, 
American  railroad construction  fairly commenced in 1831, when a 
section of the  Baltimore  and Ohio railroad,  about 60 miles in 
length,  was first worked by  steam power, the  engine  being of 
American constmction.  The Mohawk and  Hudson  railroad was 
opened and worked in  the same year  by an engine of English make 
of 6 tons weight,  which,  being too heavy, was replaced by  an 
American locomotive of 3  tons weight. 

The importance  attached  to  railroads  in  the  United  States (a 

Vide Minutes of Proceedings Inst. C.E., vol. xviii., p. 51 ; vol. xxii., pp. 305 

Vide “Report on the Railways of the United Statcs.” By Captain Douglas 
and 540 ; and vol. xxviii., p. 360. 

Galton, R.E. Folio. London, 1S57. 
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country  in a great measure devoid of good roads) is plainly  shown 
from the marvellous rapidity  with which the  system  has been 
extended. Thus- 

In 1830 there were 23 miles completed and at  work, 

,,, 1850 ,, 9,021 ,, 7, 7 9  

,, l860 ,. 30,635 ,, I ,  11 

,, 1870 ,) 52,808 ,, 7 ,l 

,, 1871 ,, 60,568 ,, 91 

,, 1872 ,, 66,735 ,, 7 11 

,, 1873 ,, 70,651 ,, 79 ,l 

l, 1840 9 ,  2,818 l, 11 79  

representing a mile of railroad, chiefly single  line,  to  every 583 of 
the population, and a total  capital of 5693,832,889, or 59,820 per 
mile ; whilst in the  United Kingdom- 

In  1S50 there were  6,890 miles completed and at  work, 
,, 1860 ,, 10,433 ,, 7, , I  

?, 1870 ,, 15,537 miles constructed, but not all open, 
., 1871 ,, 15,376 miles completed and at  work: , 

,, 1872 ,, 15,814 ,, l, 9 ,  

,, 1873 ,, 16,082 ,, 9, 9 9  

representing a  mile of railway t o  about  every 2,000 of the popula- 
tion, and a total  capital  expenditure of h588,320,308, or rE36,574 
per mile. 

The respective  proportions of Share  Capital (or Stock)  and 
Debentures  (or Bonds) are  as follows :- 

UNITED STATES. 
Shme capital, 2357,067,074 = 51.5 per cent. of the whole capital. 
Debentures, 5336,765,815 = 48.5 ,, 1, ,t 

UXITED KINGDON. 

Share capital, 2419,087,573 = 733 per cent. of the whole capital. 
Debentures, ~160,180,080 = 26; ,, 77 71 

Showing a remarkable difference in  the  margin of security for 
Debentures in  the  two countries. 

The effect of so vast a  system of railroads upon the prospects of 
the  Union  has been remarkable. During 1873 the  total  earnings 
of the  railroads mere 596,510,327, equal  to 134 per  cent. upon 
their gross cost, and  to 5 2  6s. 9d. per head of population, the 
working expenses averaging 65 * 1 per  cent. of the receipts,  'and the 
net receipts 4-9G per  cent.  upon t,he total  capital,  includingbonded 
debt ; whilst  the commerce fostered by  them  has reached a  value 
estimated at  least  at rE2,000,000,000 annually. In the  early  days 
of the  railroad system the receipts from passengers mere the  larger 
item ; now the receipts from goods traffic are fnlly 23 times as 
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great  as those  from  passengers, the  proportion  being 30 * 8 per 
cent. from passengers and 69 - 2  per  cent.  from goods ; a fact 
also observable, though  in a  much reduced ratio, on English 
railways,  the proportion  being 41 * 31 per  cent. from passengers, 
to 55.11 per cent. from goods traffic in 1873. Railroads  were 
indeed essential to  the  growth of all those portions of the Middle 
and  Western  States  distant from water  carriage, for without  them 
wheat  and  the  other  farm produce forming  their  staples would 
haye been excluded by the cost of transit  from  the  Eastern  and 
European  markets. It is the opinion of practical men in  the 
States  that  the  limit of profitable  extension westward  has been 
reached, until  the  growth of population shall  give  rise  to a larger 
local traffic. It is remarkable  that  the  railroads,  where  parallel 
with  the  river Ohio and  other  navigable  waters,  are  rapidly  draw- 
ing  away  the traffic from them,  even in  heavy goods. 

In  this unrivalled  network,  whilst some of the older trunk  lines 
are now, like  the  Pennsylvania  railroad,  thoroughly  substantial, 
and  suitable for high speeds, every gradation  may be found. As 
a rule,  the railroads,  especially in  the  West,  are opened for the 
least possible cost, and  when  the traffic increases are practically 
re-constructed. Many of the  lines  in  the  far  West  are  little  better 
than  temporary roads laid upon the formation, with scarcely an 
attempt  at  ballast;  and  during  heavy  rains,  or upon the  melting 
of the snow, their condition is wretched. Yet,  by  the  aid of the 
bogie truck,  trains pass at  fair speeds over  such roads, without 
frequent accident. The fencing is generally  very inferior, and  the 
locomotives are, therefore, armed  with a “ cowcatcher,” to  prevent 
their  being  thrown off by  stray  cattle. 

The  gauge  varies from 6 feet in  the case of the ‘L Erie,”  through 
the gradations of 5 feet 6 inches, 5 feet, 4 feet 10 inches, 4 feet 
9 inches, and 4 feet 84 inches,  to 3 feet in  the case of the 
“ Denver  and Rio Grande,” a line of considerable length,  which 
is only one of numerous  narrow-gauge lines completed or in  
progress. Where  the difference of gauge is small,  “compromise ” 
cars, having wheels with broad flanges, have been used with 
advantage;  but  the  attempts to run  the same stock from one 
gauge  to  another,  where  the difference is considerable, by means of 
adjustable wheels and  other expedients, have  not  hitherto been suc- 
cessful. Such wheels  work well a t  first,  but  rapidly  deteriorate, 
and become the source of serious expense, and even  danger. There 
has,  therefore, been a  desire to  assimilate  the  gauges of lines 
forming through routes, and  this  has led to several interesting  and 
extensive operations. Thus,  the  gauge of the  main  line of the 
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Ohio and Nississippi  railroad, from East  St. Louis to  Cincinnati, 
was reduced from 6 feet to 4 feet 9 inches, under  the direction 
of  Mr. Thomas D. Lovett,  the Chief Engineer.  Preparations were 
made for the change by  laying about one-half of the  sharp  curves 
on the outside some months in  advance. The sleepers  were all 
adzed to a gauge on each side;  the inside  spikes were then  driven 
to a template. Proper sleepers  were put  in  with new crossings, 
and  the  switch rods were  cut  ready  for  the  narrow gauge, and 
jointed  temporarily for broad-gauge use;  the tools employed 
were of the  best  pattern,  and made  expressly for the work. The 
road was  then divided into sections of 5 miles each, and  to each 
section  fifty  men  were allotted. These  were subdivided,  twenty- 
five commencing at  each  end of the section, and  working  towards 
each other. The men were in  gangs of ten;  three of them drew 
the spikes, three followed and  threw  in  the rails, and  the  remaining 
four drove in  the  new spikes.  Labourers  were furnished  freely 
by  other companies  for this  purpose;  and  their  distribution  and 
feeding  demanded  considerable care. At  midnight on a Saturday 
the  line was  cleared of broad-gauge stock, and  at 4 A.M. on Sunday 
morning  the work of narrowing  was commenced, both  rails  being 
moved in, each to  the  extent of 73 inches, thus  reducing  the gauge 
to 4 feet 9 inches. By 11 A.x., or in seven  hours, the  narrowing 
was completed for the whole distance of 354 miles, and before 6 P.M. 

narrow-page  trains  had  run over the  entire road. Similar opera- 
tions  have  since been carried  out  with  great success on the  Grand 
Trunk  and  Great lVest,ern railways of Canada and elsewhere. 

The mode of carrying on light  earthworks,  by means of large 
qooden scrapers, is worthy of notice. The  ground is generally 
ploughed  over  first, and  four scrapers,  each with a pair of horses 
and a driver, work round  and round in a circle, without  stopping 
(one man  to  the  gang being employed to guide  the scrapers 
whilst filling, and  to  tip  them  when  full),  the circumference of 
the circle  on the one side reaching  the  centre of the excavation, 
and on the  other  the spoil  bank. I n  soft soils this is very 
economical. Hand  and  steam  excavating machines are also largely 
used. One form is that of a plough,  for excavating ditches, the 
earth  being  thrown  well clear of the  ditch  by  an endless band. 
Willard's machine, which  is used for ' dumping ' or  tipping from 
side  cutting on to  embankments  in  the soft soils of the West, con- 
sists of a  scraper, combined with  an endless band, by which the 
earth is carried  into a  hopper. This  being full, the whole machine 
is moved on to  the  site of the embankment, and the  earth tipped. 
Chapman's  machine is a  crane, running on  a temporary  railway, 
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and  having  attached  to it a scoop or bucket with a toothed  edge 
of steel. This bucket is attached to  a beam which  rotates on an 
adjustable  axis fixed on the  jib of the crane. It can thus,  by 
applying power to  the crane,  be forced into  the  ground  and filled, 
then  lifted  to  any required height,  swung round, and tipped. 

An examination of the official returns from the different com- 
panies, so far  as  they  extend, shows that,  whilst  the  weight of rails, 
almost universally of the Vignoles section, varies from 67 lbs. to 
i O  lbs. per  yard on a few of the  leading lines, to 30 lbs. on the 
narrow-guage lines, fully 60 per cent. of the  length is laid  with 
rails 56 lbs. to  the  yard,  the  weights  having  the  next preference 
being 60 lbs. on the one hand,  and 50 lbs. on the other. 

On some lines,  newly  laid  with steel rails wit.h  suspended joints, 
supports of hard wood, 9 inches wide by 2 inches  thick,  are  inserted 
as  longitudinal bearers under  the  joint,  resting on the  transverse 
sleepers on each side. Since dog-spikes only are used as fastenings, 
and  the  joints  are  not fished on many of the lines, there  is a 
tendency on gradients for the  rails  to creep downwards, closing 
the  joints  tightly  at  the bottom, and  leaving at  the  summit  an open 
space of several inches. This space is sometimes filled with a hard 
wood block, driven  in  tightly,  but  in  other cases wit,h a ‘plug- 
chair,’ which  is  an  ordinary cast-iron  chair, with a tongue or 
dummy  rail  cast on the rail-seat. Plug-chairs  are of various 
lengths  to  suit different-sized intervals. 

The almost universal practice is to  lay  the  permanent  way on 
the formation. The materials, and, in  the case of the Pacific and 
other  Western lines, cars  to form dwellings  and canteens, are 
moved forward over it in a  construction train.  The  greatest  length 
of way  thus  laid  in  any one day on the  Central Pacific railroad 
exceeded 10 miles;  the  average for  a considerable period being 
34 miles per day. Ballast is then  brought over the  line,  and the 
permanent  way  lifted  and packed, expansion plates  being  fre- 
quently  inserted at  the  joints  during  the operation to  prevent  their 
closing up. 

On the  Union Pacific railroad,  two sections of permanent way, 
300 miles each, were allotted,  the one to  white men, and  the  other 
to Chinese, and  the  latter  maintained  the road better,  and at  10 per 
cent.  less cost than  the former. 

Where  timber is abundant (especially in Canada), wooden rail- 
roads have sometimes been introduced. The  permanent way, if 
this be pot a misnomer, there costs about  5240 per mile. It con- 
sists of maple rails, 4 inches wide and 7 inches deep, cut  into 14-feet 
lengths, wedged into notches in transverse sleepers, and  abutting 
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upon cach other at  the  joints. Some of these rails  have  lasted 
more than five years, being  run over by locomotives, having whcels 
with 54 inches tread,  and  with  no flange  on the  leading  pair o r  
driving wheels, a t  a speed of from 15 miles to 20 miles per hour. 
These  railroads  are chiefly for carrying cordwood and  other lumber. 
Gradients of 1 in 18 are worked a t  a speed of 10 miles an  hour  by 
locomotives of 28 tons  weight,  having four coupled and four bogie 
wheels, the load  being 80'tons, exclusive of their own weight. The  
adhesion is good when  the,  rails  are  dry,  but  small  when  they  are 
wet. The  total cost of such a railroad,'including a small  amount 
of rolling stock, is about %1,200 per mile. 

The  severity of the  climate  in  the  Eastern  States and Canada adds 
greatly  to  the cost of maintenance. During from four to six months, 
the road bed remains hard  and  rigid,  the sleepers frozen into  the 
ballast,  and a good top is kept on the  rails,  as before mentioned, 
only by shimming,' or packing  with  hard wood wedges between 
the  rail  and  the sleeper. Moderate falls of snow are cleared by a 
small  plough  attached  to  the cowcatcher; but for heavy drifts 
snow-ploughs of more elaborate  construction are necessary; and, 
even  with these,  &ys are often consumed before the  line can  be 
cleared. Trains have, in some instances, been so long blocked in 
this  manner  as  to  render  the feeding of the passengers a matter o f  
serious difficulty. The plough (Plate 7) is  that now used on thc 
Grand  Trunk  railway. It is mounted on two bogie trucks,  and is 
30 feet long, 7 feet 7 inches  high  to  the  top of the plough and 
11 feet high  in  the  hinder  part. It is fitted with  expanding  wings 
for throwing  out  the snow, and  with a movable apron for clearing 
the  rails  and  the space between them. There  are also  scrapers to 
clear the  rails of ice. The  interior is provided with  seats  and a 
stove. The  plough is propelled by one or more locomotives, as may 
be required, as  many as five being sometimes necessary. When  the 
frost breaks  up in  the  spring,  the  state of the road for some weeks is 
such  as  to demand the most vigilant care, and a large  expenditure 
to  restore it to  proper  line  and level. 

The  water  tanks  are of special  construction, and  are  generally 
covered with wood. In  the best forms, air-spaces and  layers of 
sawdust  are interposed to keep out  the  frost;  and  the pipes are 
arranged  to  empty themselves of water.  The  tanks  are often 
supplied by pumps  worked by windmills. 

Progress  in  railroad construction in  the United  States  has not 
extended hitherto,  in  any  great measure, to  lines for the  daily use 
of those who  dwell  in  the chief cities. Frequently  the  railroads  have 
their  termini  at a long distance from the business centres;  and in 
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New York especially, great inconvenience  arises from this cause, 
the  requirements of the traffic being most inadequately met by  the 
horse-railroads. These  are hid  with  rails  projecting above the 
surface of the  street,  and  are a source of danger  to  ordinary 
vehicles, and  in  the  narrow  and crooked thoroughfares of the 
older part of that  city  bring  about serious blocks of the  street 
traffic. Goods, and a few passenger trains  are still conveyed 
through  the  streets  by horses into  stations at  right  angles  to  the 
thoroughfare, the cars, fitted  with  the bogie, readily  turning  into 
them round curves of small  radii.  Whilst  this is true of the  large 
centres of trade, it is curious,  on the  other  hand, to notice  how 
main lines are carried on the level, and  without protection, across 
the  streets of considerable  towns, the express trains often running 
through  without  stopping. 

A commencement has now been made in Kew York  to remedy 
the  evils above referred  to, by  the construction of a large  terminal 
station  at 42nd Street,  and of an  underground  railroad  northwards 
t o  the New Yo1.k Central  and  Haarlem railroads, the works of 
which are difficult and costly. This  linc, however, when com- 
pleted,  will only bring  the traffic to a  point still 4 miles distant 
from the business  centre. 

The  railroad system having extended so largely on both sides of 
the  great  rivers of the  West  and  North-West, colossal works  have 
been carried  out a t  St. Louis, a t  Buffalo, and else,where, to  esta- 
blish  through communications. Some of these works, involving 
very difficult foundations, possess the  greatest practical interest ; 
and detailed  descriptions of them by  the  Engineers engaged would 
prove most valuable  additions  to  the records of the  Institution. 

I n  conclusion, the  Authors desire  very heartily  to acknowledge 
the courtesy with  which Mr. A. J. Cassatt, the General  Manager, 
Mr. Isaac  Dripps,  Superintendent of Motive Power, Mr. Collins, 
Mechanical Engineer,  and  other officers of the  Pennsylvania rail- 
road have specially  prepared the detailed  information necessary for 
this communication. They  are also  indebted to Mr. Eaton, of the 
Grand  Trunk  railway,  whilst  they  have made much use of the 
statistics published by Mr. Hemy V. Poor, in his  Manual of the 
Railroads of the  United  States,  and  by  the Committee of Stock- 
holders of the  Pennsylvania Railroad Company. 

The communication is accompanied by a  series of drawings, from 
which  Plates 4, 5 ,  6, and 7 have been compiled. 

[APPENDIX. 
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S2 THE PEXNSYLVANIA RAILROAD. 

TABLE II.-PERFOR&IANCES of LOCOMOTIVES on the PEXXSYLYANIA RAILROAD. 
- 

Year. 

1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 

Frelght 
xo. of 

Engines. 

235 
232 
253 

278 
270 

314 
316 

401 
338 

456 

Vo. of Dis. 
tributing 
Engines. 

18 
24 
25 

29 
22 

26 
25 

30 
34 
34 

Shifting 
No. of 

Engines. 

13 
21 
27 
36 
38 
52 
53 
58 
63 
77 

1,581 ,305 
1,516,463 
1,682,302 

1,958,770 
1 , 724,566 

1,925,093 
2,091,088 
2,375,334 
2,389,847 
2,442,384 

~~ 

Cents. 
17,448 1.87 
17,987 2.28 
18.288 1.82 
18,611 1.54 
19,521 1'25 
18,342 1.20 

21,839 0-87 
19,526 1.00 

22,302 0.886 
23,213 0.857 

I 
TABLE III.-LOCOMOTIVES and ROLLING STOCK of the PENNSYLVANIA RAUOAD. 

Description. I 1861. I 1862. 1 1863. 1 1864. I 1866. 1 1866. I 1867. I 
No. of Locomotives. . . 229 1 255  290 1 314 ~ 368  362 1 428 - ----____- 

Description. I 1868. ! 1869. 1 1870. 1 1871. I 1872. 1 1873. 

No. of Locomotives. . . 434 I 477 1 482 1 514 1 593 1 668 - - - - - .  

~~~ ~~~ 

In this year 2,536 coal cars on the road were owned by  other  parties than 

2 In  this year 8,501 freight  and coal cars on the road  were  owned by other  partics 
the company. 

than  the company. 
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TABLE ~~.-COJIFARATIVE STATEMENT of LOCOUOTIVES  and ROLLWG STOCK in 

the UNITED  KINGDOM, i n  INDIA, and in the  UNITED STATES. 

United Kingdom. India. United States. Description Of Vehic’es’ 
70,651 Miles open. 5,674 Miles open. 16.082 Miles  open. 

~~ - ~ .. 

Total No. 1 ~ Total So.  ~ z:fK, Total No. ,o Miles. 
No. per 

Locomotives . . 11,435 7-1 I 1,343 1 2.36  13,746 1 2nearly. 
~ - - - - - -  

Passenger  Cars . 
33,762  3,729 I 6.57 I 25,854l  3.6 

Goods Wagons . 95.0 678,144l 329,023  23,432  41.3 

* In  order to  institute a fair comparison, the American passenger cars and goods 
wagons, having double the capacity of those of the United Kingdom and  India, 
arc each counted as two. 

TABLE V.-The following is a  list of all the CURVES on the PENNSYLVANIA RAILROAT) 
MAIN LINE (except the PHILA. DN.)  whose radius  is less than 1,000 feet, giving the 
position and length of same. 

Stations. 

Rockville . . . . 
West end Susq. Bridge. 
East of Dunmnnou. . 
Nesico . . . . . 
Barnifflin and Lemis‘ 

Bixless Water Station . 
town, 136 m.  post . , 

East of Lewistomn . . 
East of Huntingdon . 
West of Mapletown. . 
Pelersburg . . . . 
East of Spruce Creek . ,, west of . 

,1 Union Furnace 

East of Birmingham . WL3t !, 9, 7 1  

Tyrone . . .  
lvest of A~tobna . . 

9 ,  ,. 71 . .  
East of Kittanniug  Point 
At  7 J ,  

.\i:est of :: 9 ,  

9 ,  

>, ,7 7 )  !, 
Akgr~ppn’*’’ . . ”. 

Miles. ~ 

819.0 
996.0 I 
716.8 I 
955.4 

881.9 I 
955.4 

955.4 
996’9 I 
955.4 i 
955.4 
954.4 
955.4 
955.4 

955.4 ~ 

955.1 
~ 

955.4 

8ii.o 

~ 

955.4 
l 

955.4 

6i4.7 
637’3 
955’4 

716.8 
.. 
.. 

Feet. 
907 
1011 

95s 
680 

725 

1124 
7i6 

336 
575 
S88 
547 

1649 
759 

961 
432 
1079 
416 
908 

796 
875 

381 

1231 
682 

1464 
804 

Big Viaduct . . . 
West of Big  Viaduct . 
East of Conemaugh . 

9. ,1 ,, . . . 

JdnsIbwn,  d: I. Works 
Dormock Point . . 
West of Dormock Point 
Lockport . . . 
East of Blairsville Int. 
West 0f~ol:lvar . . 

i k s t  :f Greediburg : 
Turtle Creek . . . 
East of Brinton’s . . 

j 
~ AiBhon’ ;  . . . 

308 1 
~ West of Brintou’s . . 

1380 1 &st ”of Braclcldck’: 

g3 1 Field. . . . . ,. ,, Millvale . .’ 

. .  

Miles. 

955.4 
716.8 
955.4 

.. 

882.0 
955.4 

.. .. 
790-8 
974.3 
955.4 .. .. 
739.9 
955.1 .. 
819.0 

716.8 
951.4 

953.4 
819.0 

Length of 
Curve. 

Feet. 
278 

1130 
i44 

1360 
S84 

13so 
258 
1926 

1028 
1410 

514 
12i8 
856 

1 1521 
551 

~ .l443 
1502 

~ 663 
1494 

~ 416 
~ 1222 
1581 
391 
600 

.. 900 
1 683 

9ib.6 ~ 500 
955.4 ~ 716 
.. i 800 

l 
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TA= VI.-POSITION of POINTS on the PEKNSYLVANIA RAILROAD at which the AVERAGE 
GRADE CHANGES, and  the ELEVATION of these POINTS. 

Stations. 

West Phila. . . . . 
Beyond Villa Nova . Athensville . . . . 

,, Radnor . . . 
,, Reeseville . . 
,, Paoli . . . 
,, Malvern . . 

East of Downingtown . 
Beyond Columbia . . ,, Coatesville . . ,, Parkesbnrg . 

Renningtonville 
Eallof  Gap. . . . 
West of Leamau Place, 
East of Bird-in-hand . 
Weat ,, ,, 

7, 1, 
Big Conestoga'Bridge . 
West of Lancaster . . 
Little Conestoga Bridge' 
Landisville . 
Big Chiqnis Brihge' : 
T.he  Ckquie Bridge : 
Er& cf Edaabeththn 
West ,, 
Int. with Col. 'h,  R. o h  

Harrisburg' . . Middletown . . . J 

Dillerville Int. of 'Coi.1 
Br. wit11 new LineZ . J 

West of Dillervillez. . 
,, ,, Rohrerstownz . 

East of Mountvillez. . 
ColumbiaZ . . . . 
Int. with Union LineZ . 
West of Harrisburg . . 
Elst   d id  Sus);. Brijge : 
Aqueduct . . . . 
Baily's . . . . . 
Newport. . . . . 
Millerstown . . . . 
Thompsontown . - . 
Tuscarora . . . . 
Perryville . . . . 
Lewistown . . . . Mifflin . . . . . 
Granville . . . . 

rom Pbils 
Distance 

delphia. 

Miles. 
0.0 
7'7 

11.7 
13.8 

20-3 
18.2 

32.1 
21-8 

38.8 
37'2 

44.9 
47.6 
50.9 
57-8 
60.0 
62.2 
63.55 
67'1 
69.6 
72.3 
75.9 

78.9 
78.1 

80.1 
81.0 
85.9 
88.8 
95.6 

105.4 
70.0 
71.2 
74.6 
75.6 
80.9 

107'4 
99.5 

111.0 
109.8 

123.3 
128.5 
133.2 
138.3 
143.4 
148.6 
152.0 
154.7 
166.4 
170.3 

Elevatior 
above 

Aigh Tidl 

Feet. 
20.0 

351.0 
424.0 
390.0 

544.0 
518.0 

540.0 

372.0 
247'0 

372.0 

480.0 
554.0 

566.0 
358.0 

340.0 
392.0 

377.0 
300.0 

307'0 
364.0 

354.0 
398.0 

370.0 
304 .O 
368.0 
468.0 
492.0 
306.0 
313'0 
351.0 
317'0 
416.0 
416.0 
242.0 
306.0 
339.6 
327'2 

379.9 
370-3 

387'5 
401.4 
412.0 
421.6 
434.8 
434.3 
490.8 
491.2 

343.4 

stations. 

McVeytown . . . 
Newton Hamilton. . 
Manayunk. . . . 
Mount Union . . . 
Mapleton . . . . 
Huntingdon . . . 
Mill Creek. . . . 
Warrior Bridge Water 

Station . . . ., 
Petersburg . . . . 
Barree . . . . . 
Spruce Creek . . . 
Birmingham . ., . 
Tyrone . . . . . 
Altoona . Bells Mills. . . . 
West of Altbona . . 
Kittanning  Point . . 
East of Allegheny' 

Gallitzin . . . .' 
Tunnel . . . . 

Name not known . . 
West of Wilmore . . 
East of Summer Hill . 
West of Conemaugh . 
Johnstown . . . . 
East of Ninevah . . 
W'e't  Houston's . . ,, New Florence 

Names not given . . 

E a 2  of &tro$e . . 

. . .  
n ,, ,. . . 

9 9  7, 97 . . . .  

l 

Carr6  Tunnel . . . 
East of  George's . . 
West of ,, 
East of Greensburg . 
West of .. . . 

,, ,* ,P . . . 
. .  

East-of P e n i  . . . 
West ,, ,, . . . 
Walls . . . . . 
East of . . .  
Swissvale . . . . 
East  Liberty . . . 
East of Pittsburg . . 
Pittsbnrg  Yard 

,, Union ~ k p t t  

. .  

horn Fbih 
Di8tance 

delphia. 

Miles. 
178.4 
183.0 
188.5 
191.4 
194.5 
197'8 
203-1 
207'7 
209.6 
212.9 
215-5 
220.3 
222.9 
230.3 
237.2 
238.2 
238.4 
242.4 
248.2 
249.0 

262-6 
252.1 

264.0 
275.0 
275.9 
285.0 
289-2 
291.8 
295.6 
303 * 2 

312.1 
308.5 

313.4 
318.3 
319.0 
319.6 
322.3 
324.4 
328.5 
329.1 
339.2 
342.0 
345.8 
349.4 

353.5 
350.8 

353.9 
354.8 

Elevation 
above 

High Tide. 

Feet. 
515.3 
511.6 
592.0 
590.5 

596.5 
586.3 

615.4 
674.3 
670.9 
716.G 
769.8 

901.4 
859.5 

1053.3 
1171.3 
1223.5 
1220.5 
1581.5 
2116.8 
2154.4 
2011-2 
1542-1 
1562.2 
1176'1 
1176.4 
1119.0 
1074.7 
1040.4 
1023.9 
1136.4 
1199'2 
999.4 
997'3 

1201'8 

1191.7 
1170'1 

1058'3 
1163.6 

976.2 
963.7 

714.4 
742.2 
916.5 
910'7 
744.5 
752,3 
73i.9 
720.9 

1 Mt. Joy Route. 2 Columbia Route 3'9 miles longer tJun Mt. Joy Route. 
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PLATE 4.. 

INTERMEDIATE POSTS. 

SECTION AT CENTRE. 

LOWER  CHORD JOINT 

END POST. 

C.D AND IF F O X ,  DEL" 
ULnutes ofProceedq+ of The Institution of Civil Engineers.Td:XXXIX. Session 1874-75.Pastl. 
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